Aims: To evaluate the pulmonary arterial pressure in children with nephrotic syndrome (NS). Methods: Doppler echocardiography was performed in 40 children with NS (aged 1.5-13 years) at NS onset (n = 28) or relapse (n = 12), and 40 normal controls. Pulmonary pressure was estimated by: (1) measuring the systolic transtricuspid gradient from tricuspid regurgitation; and (2) measuring the time to peak velocity of pulmonary flow. Results: Thirty five of the 40 patients with NS had measurable tricuspid regurgitation with a pulmonary systolic pressure ranging from 21 to 48 mm Hg. Pulmonary systolic pressure was .40 mm Hg in seven patients. The pulmonary time to peak velocity was shortened and the ratio of time to peak velocity and right ventricular ejection time decreased compared with controls. The patients with increased pulmonary pressure had a longer time since onset of NS. One patient developed thrombus in the inferior vena cava during hospitalisation. Conclusion: Pulmonary arterial pressure was increased in children with NS. Further work is needed to evaluate the aetiology and clinical implications of this abnormality.
N ephrotic syndrome (NS) is associated with hypercoagulability and an increased tendency for thromboembolism. [1] [2] [3] [4] The reported incidence of thromboembolic complications ranged from 1.8% to 6.6% in children with NS. 1 4 Although thromboembolism may occur anywhere, deep vein thrombosis and pulmonary embolism are most frequently encountered in the clinical setting. [4] [5] [6] Severe pulmonary embolism is a critical condition which needs emergency intervention, but minor embolism to the pulmonary arteries may not induce clinical symptoms, and occurs in up to 28% of patients by radionuclide lung perfusion study. 6 Recurrent pulmonary embolism as well as systemic hypertension may induce increased pulmonary pressure. 7 However, no systemic studies of pulmonary pressure have been reported in the literature.
By measuring tricuspid regurgitation and Doppler flow of the pulmonary artery, echocardiography has proved to be an accurate and reliable method for assessment of pulmonary artery pressure. [8] [9] [10] We therefore conducted this study in order to evaluate pulmonary artery pressure with Doppler echocardiography in children with NS, and to analyse the influencing factors.
METHODS

Subjects
Forty consecutive children (32 males, 8 females) with NS at onset or relapse, admitted to our nephrology unit, were prospectively studied from August 1998 to August 1999. The age range was 1.5-13 years (mean 7.3 (SD 3.1) years). NS was defined by heavy proteinuria (urine protein .1g/m 2 per day), hypoalbuminaemia (serum albumin ,2.5 g/dl), hypercholesterolaemia, and oedema. 11 The initial treatment comprised 2 mg/kg/day (maximum 60 mg/day) of prednisone given in three divided doses orally for four weeks, followed by alternate day therapy for another four weeks; daily dose was then tapered for 4-6 weeks and stopped. Response was defined as disappearance of proteinuria (,4 mg/m 2 per day on three consecutive days). The patients who still had proteinuria at the end of four weeks of prednisone treatment were considered steroid resistant. In steroid resistant patients and those with frequent relapses, intravenous pulse methylprednisolone or cyclophosphamide was used for the treatment. 12 Forty age and gender matched normal subjects from a local school or kindergarten served as controls. These subjects had normal blood pressure; no clinical, electrocardiographic (ECG), or echocardiographic evidence of cardiovascular disease; and no evidence of pulmonary disease. Informed consent was obtained from the patients and controls or their guardians. The study had the approval of the Hospital Human Investigation Review Board.
Echocardiography
Echocardiography was performed on a Toshiba SSH-140 colour Doppler ultrasound system with transducers of 3.75 MHz or 5 MHz as appropriate for children or adolescents. A complete echocardiographic examination was performed to exclude the possibility of congenital heart disease; it was recorded on videotape with a speed of 100 mm/sec for Doppler spectrum. The measurement was later done with the incorporated analysis package of the machine. The maximal velocity of tricuspid regurgitation and means of at least three measurements of the other indexes were accepted as the results.
Left ventricular end diastolic and left atrial cavity dimensions were measured. 13 A modified Simpson's rule was used to measure the left ventricular ejection fraction. Doppler flow of the pulmonary artery was recorded with pulsed wave Doppler to assess pulmonary arterial pressure. Peak velocity, time to peak velocity, and right ventricular ejection time were measured according to Kitabatake and colleagues. 9 The ratio of time to peak velocity and right ventricular ejection time was calculated.
In each subject tricuspid regurgitation was carefully detected by colour flow mapping and continuous wave Doppler in parasternal right ventricular inflow tract, apical four chamber view, and short axis view at the aortic valve level. Sometimes an early systolic regurgitant flow was obtained. The maximal velocity could not be measured in this situation. Modulation of the transducer or sampling line usually permits recording of a holosystolic regurgitant flow. In three patients intravenous injection of agitated saline into the antecubital vein as a contrast was used to obtain measurable tricuspid regurgitation.
14 If a holosystolic flow was still not available, regurgitation was thought to be not measurable. By using the modified Bernoulli equation (DP = 4V 2 ), the maximal transtricuspid gradient was estimated. Pulmonary systolic pressure was computed as the sum of the transtricuspid gradient and right atrial pressure. 8 Right atrial pressure was estimated by the response of the inferior vena cava to deep inspiration. In children under 5 years of age, inferior vena cave respiratory collapse was recorded by making them smile or scream. When the diameter of the inferior vena cava decreased by ,50% after deep inspiration, right atrial pressure was defined as 10 mm Hg; when the diameter decreased by >50%, right atrial pressure was defined as 5 mm Hg. 15 16 Increased pulmonary pressure was defined as a pulmonary systolic pressure of 40 mm Hg or greater. 19 Echocardiography was repeated two weeks after the initial study to further evaluate whether the increased pulmonary pressure was related to oedema or whether other factors occurred at the onset of occurrence of disease. All studies were performed by one observer (ZD) who had no knowledge of the patients' clinical data. The procedure was performed before any anticoagulation treatment, with children in a quiet state. None of them received sedatives for the procedure.
Intraobserver variabilities in measurements of cardiac dimension and Doppler velocities were determined by measuring 10 consecutive children on two separate occasions. The variation coefficients were between 2.8% and 4.2% for M mode and two dimensional echocardiographic indexes, and between 3.1% and 5.2% for Doppler indexes.
Laboratory and electrocardiogram study
Twelve lead ECG and chest x ray were recorded. Blood samples for coagulation assays, platelet count, prothrombin time, and biochemical indicators of renal disease (proteinuria, serum albumin, complement C3, cholesterol, creatinine level) were studied.
Statistical analysis
Data are presented as mean (SD). Means between two groups were compared with the paired or unpaired Student's t test as appropriate. Non-parametric data were compared using the Pearson x 2 test or Fisher exact test. The 95% confidence intervals (CI) were calculated as appropriate. Linear correlation and regression were used to test the correlations between pulmonary systolic pressure and the independent variables. The Mann-Whitney U test was used to compare data that were not normally distributed. SPSS 10.0 for Windows (SPSS Inc., Chicago) was used for the analysis. A p value of 0.05 was regarded as significant.
RESULTS
Clinical features
Of the 40 patients, 39 had no identified aetiology and were considered as having idiopathic NS; one had a positive hepatitis B virus surface antibody. Twenty eight patients were at NS onset; 12 were patients during relapses after remission. The time from onset of the disease ranged from 1 day to 11 years with a median of 3 weeks. At the time of admission, all patients had oedema, heavy proteinuria (2.5 (1.6) g/m 2 per 24 hours), hypoalbuminaemia (1.9 (0.6) g/dl), and hypercholesterolaemia (448 (176) mg/dl). Serum creatinine ranged from 0.35 to 1.30 mg/dl (0.54 (0.25) mg/dl). Total platelet count and prothrombin time were 32.6 (9.9) 6 10 4 /mm 3 and 13.3 (1.4) seconds, respectively. Mean fibrinogen level ranged from 0.08 to 0.75 g/dl (0.36 (0.13) g/dl). Chest x ray showed 29 patients had pulmonary congestion.
A total of 30 patients had a response during initial treatment; 10 were steroid resistant. In patients with steroid resistance, data from a percutaneous kidney biopsy were available in only three patients: in two shown to be membranoproliferative glomerulonephritis; and one had minimal change disease. Intravenous pulse methylprednisolone and cyclophosphamide were used in 14 and 7 patients, respectively. During hospitalisation, one patient developed a thrombus in the inferior vena cava. The patient was a 10 year old boy with minimal change NS at his second relapse. He had severe oedema, and was documented with a thrombus by Doppler ultrasound. After heparin therapy, the thrombus shrank as assessed by ultrasound two weeks later. The patients did well at the two month follow up. None in this group received any medicines for their systemic hypertension.
ECG was abnormal in 12 patients. Of these, five had frequent ventricular or atrial (n = 1) premature beats, and seven had ST or T wave changes. In comparison to normal controls, patients with NS had a larger left atrial and right ventricular dimension by echocardiography, and higher systolic and diastolic blood pressure ( significantly lower than that in the patients with NS (p , 0.01) (fig 1) . Only one normal child had a estimated pulmonary systolic pressure above 30 mm Hg (32.3 mm Hg).
Pulmonary pressure estimated by Doppler flow in the pulmonary artery The time to peak velocity of pulmonary blood flow and the ratio of the time to peak velocity and right ventricular ejection time were obtained in all patients with NS and normal controls. Compared to the normal controls, the time to peak velocity was shortened and the ratio of the time to peak velocity and right ventricular ejection time was decreased in patients with NS (table 1) .
Risk factors of increased pulmonary pressure
Assuming that all patients with no tricuspid regurgitation or with immeasurable regurgitation had normal pulmonary pressure, comparisons of clinical features between patients with increased pulmonary pressure and those with normal pulmonary pressure are shown in table 2. Patients with increased pulmonary pressure had a longer time since their onset of disease (p = 0.003). No differences were found in age, whether the patients were at their NS onset or relapse, all biochemical indicators of NS and coagulation, and whether the patients had pulmonary congestion (all p . 0.05).
Further comparisons between the two groups with respect to cardiac signs and cardiac laboratory test results showed there were no significant differences in left ventricular systolic and diastolic function, blood pressure, and all other parameters. Pulmonary systolic pressure only correlated weakly with right ventricular dimension (r = 0.38, p , 0.05). No correlation was found between pulmonary systolic pressure and any biochemical indicators of NS or coagulation (all p . 0.05).
Follow up data on pulmonary pressure Two week follow up echocardiographic data were available in only 18 patients. Of these, 16 had measurable tricuspid regurgitation both at initial and follow up studies. The pulmonary systolic pressure estimated by tricuspid regurgitation did not change significantly (34.0 (8.1) mm Hg at initial study v 32.4 (8.4) mm Hg at follow up, p . 0.05). Pulmonary systolic pressure was .40 mm Hg in five patients. The time to peak velocity of pulmonary blood flow and the ratio of the time to peak velocity and right ventricular ejection time did not change significantly at follow up (all p . 0.05). Data are presented as mean (SD). DBP, diastolic blood pressure; LVEDD, left ventricular end diastolic dimension; LVEF, left ventricular ejection fraction; MA, mitral peak flow velocity during atrial contraction; ME, mitral peak early diastolic flow velocity; ME/A, the ratio of mitral peak early diastolic flow velocity and peak flow velocity during atrial contraction; MEDT, deceleration time of mitral early diastolic wave; PH, pulmonary systolic pressure .40 mm Hg; RVEDD, right ventricular end diastolic dimension; SBP, systolic blood pressure.
At the two week follow up, pulmonary congestion or oedema resolved in all 29 patients with pulmonary congestion documented by chest x ray at the initial study. Of the five patients with increased pulmonary pressure and pulmonary congestion at the initial study, three still had increased pulmonary systolic pressure (44 mm Hg, 42 mm Hg, 42 mm Hg, and 41 mm Hg, respectively). One had pulmonary systolic pressure of 33 mm Hg.
DISCUSSION
Doppler echocardiography has been proved to be a reliable non-invasive method for assessing pulmonary arterial pressure. [8] [9] [10] Although it is not an accurate direct measurement by itself, it has been suggested as the diagnostic method for early detection of primary pulmonary hypertension. 18 19 This study, for the first time, evaluated the pulmonary pressure in children with NS using Doppler echocardiography. By measuring pulmonary blood flow, we found that both the time to peak velocity and the ratio of time to peak velocity and right ventricular ejection time decreased compared to normal controls. This indicated that pulmonary arterial pressure was increased in patients with NS. By measuring the systolic transtricuspid gradient using tricuspid regurgitation, we further found that pulmonary arterial systolic pressure was .40 mm Hg in 17.5% of patients with NS. This indicated that 17.5% of the children with NS had increased pulmonary arterial pressure according to the newly recommended criteria of pulmonary hypertension. 19 The aetiologies of pulmonary arterial hypertension in children with NS may not be concluded from this study; except for the fact that patients with increased pulmonary pressure had a longer time since the onset of disease, we could not find any other factors that predicted or related to the increased pulmonary arterial pressure in children with NS. However, we speculated that the increased pulmonary pressure in children with NS could be ascribed to the following reasons. The first is the hypercoagulable state that is due to the profound abnormalities of almost all coagulation factors and clotting inhibitors, as well as defects in platelets and the fibrinolytic system. [1] [2] [3] Although pulmonary embolism appears to be rare in children compared to adults, 4-6 the incidence might be underestimated because of the high number of asymptomatic or subclinical events in children with NS. 8 Even in adults, as many as 50% of episodes of acute pulmonary thromboembolism still go undetected because the clinical presentation mimics the characteristics of a number of other common and uncommon disease entities, and the sensitivity and specificity of diagnostic tests for pulmonary embolisation remain either weak or poorly defined. 20 Therefore, some of our patients might have developed pulmonary embolism either during or before the present episode of NS attack.
Our results were not able to identify any relation between increased pulmonary pressure and the biochemical indicators of thromboembolism we studied. This might be due to the large variances of these indicators or the small number of patients with increased pulmonary pressure. As limitations of this study, we did not perform perfusion lung scan or pulmonary artery angiography in each patient, we did not measure the factor V Leiden mutation, activated protein C resistance ratio, protein C, protein S, lupus anticoagulant, and other procoagulable states, either. Thus we could not prove that pulmonary embolism is one of the aetiologies for increased pulmonary pressure in children with NS.
The second possible reason for increased pulmonary pressure in children with NS might be systemic hypertension. Blood pressure was higher in children with NS compared to controls. Sustained systemic hypertension has been shown to be a risk factor of increased pulmonary arterial pressure. 21 22 However, our results did not reveal a statistical difference in blood pressure between patients with normal pulmonary pressure and those with increased pulmonary pressure. Therefore, the length of systemic hypertension might contribute more to the increased pulmonary pressure than the blood pressure itself because patients with increased pulmonary pressure had a longer time since NS onset and larger left atrium size.
The other possible aetiology for increased pulmonary pressure would be the pulmonary interstitial oedema occurring in the acute phase of the disease. After resolution of oedema with diuretics and other treatment, the pulmonary pressure should decrease. However, the follow up data in our 18 patients showed that the pulmonary systolic pressure estimated by tricuspid regurgitation and the time to peak velocity of pulmonary blood flow, and the ratio of the time to peak velocity and right ventricular ejection time did not change significantly from the initial study. Oedema would resolve in most of the patients after treatment. Therefore it seems that the increased pulmonary pressure is not directly caused by pulmonary interstitial oedema during the acute stage.
Although all our patients with increased pulmonary pressure had no clinical symptoms of pulmonary hypertension, it would be important to follow these patients because symptoms and physical findings of pulmonary hypertension are non-specific and can be subtle. As a limitation, the long term prognosis of the increased pulmonary pressure in patients with NS is still unknown from this study. If the increased pulmonary pressure persisted, it could damage the right ventricle and pulmonary functions and may also impair left ventricular filling and ejection fraction. Therefore we suggest that antiplatelet and/or anticoagulation drugs might help in patients with documented hypercoagulability in preventing development of pulmonary hypertension.
Of all our patients, only one presented with deep venous thrombus. The incidence is similar to previous reports.
4-6 As we did not investigate subclinical episodes of thromboembolism, we could not exclude the possibility that there might be more patients with silent thromboembolitic events.
In conclusion, although we could not clarify the aetiology, this study showed that pulmonary arterial pressure was increased in the 17.5% of children with NS. Further studies are needed to further evaluate the aetiology, clinical implications, and long term prognosis of this abnormality.
